ABSTRACT
INTRODUCTION
The stem-bark of Khaya grandifoliola (Welw) C.D.C. (Meliaceae) is widely used by traditional healers in Nigeria as a form of decoction to treat malaria and other febrile conditions.
The effect of K. grandifoliola aqueous extract on Plasmodium berghei berghei in mice was reported by Makinde et al. (1989) . As a follow up to this research, the effect of the stem-bark of the plant, extracted with various solvents, as well as the purified fractions of the aqueous extract, were tested on Plasmodium berghei berghei in mice using the methods of Knight and Peters (1980) , and against Plasmodium falciparum cultured in an in vitro system.
MATERIALS AND METHODS

Plant Material, Extraction and Purification
Fresh stem-bark of K. grandifoliola was collected in Wanikin village, Osun State of Nigeria, in January 1988. The plant was authenticated at the Faculty of Pharmacy herbarium, Obafemi Awolowo University, Ile-Ife, Nigeria. The stem-bark was dried in a hot-air oven at 60°C and powdered.
The powdered stem-bark (110 g each) was extracted with water by direct boiling to obtain a decoction, and using a Soxhlet apparatus for 72 h. Also separately, the powdered stem-bark (110 g) was successively extracted by Soxhlet with n-hexane, chloroform, ethyl acetate and distilled water. Then four 110 g each samples were separately extracted with n-hexane, chloroform, ethyl acetate and methanol. All the solvent-derived extracts were concentrated in vacuo at 40°C; 60°C was used for the aqueous extracts. The aqueous extracts were finally lyophilized to give yields of 7.2 and 12.0% for the decoction and Soxhlet-derived aqueous extract respectively. The lyophilized extracts were redissolved in water and partitioned successively with n-hexane, chloroform and ethyl acetate, which gave the following yields: 0.67 (NH), 2.67 (KGC) and 6.7% (KGE), respectively. The aqueous phase residue (KGW) gave 20% yield. The nhexane partitioned fraction (NH) was chromatographed on a column of silica gel (60-120 mesh, 20 g). The column was eluted successively at 2 ml/min with n-hexane (100%, 1 l); chloroform: n-hexane (1:1, 1.5 l); chloroform (100%, 0.5 l) and finally washed with methanol (100%, 1 l). The column eluate was monitored by TLC and functions having similar components were pooled yielding three major groups coded NH-1, NH-2 and NH-3. These were examined by TLC using silica-gel GF245 and chloroform: methanol (9:1) as solvent system. NH-1 gave a light-yellow oil (Rf 0.80) in petroleum spirit: CHCI 3 (9:1). NH-2 and NH-3 produced multiple spots.
Biological Evaluation
In vivo antimalarial evaluation of the decoction and aqueous Soxhlet extract of Khaya grandifoliola Stembark Using the methods of Knight and Peters (1980) , and Makinde and Obih (1985) , 50 mice were inoculated with 1 ϫ 10 7 Keyberg 173N strain of Plasmodium berghei berghei parasite through the intraperitoneal route. Four groups of five mice each were separately treated with the decoction at doses of 50, 100, 150 and 200 mg/kg/day for 4 days. This procedure was repeated for the aqueous Soxhlet extract. Five mice each were used for chloroquine (as diphosphate salts) at 5 mg base/kg/day, and distilled water, representing the positive and negative controls, respectively. On the fifth day after passaging, the blood of each mouse was assessed from which the average percentage suppression was determined and expressed in relation to the negative control result.
In vivo antimalarial evaluation of extracts of K. grandifoliola using solvents of increasing polarity Seventy mice were inoculated with 1 ϫ 10 7 parasitized erythrocytes of P. berghei berghei (Keyberg 173N -strain). Twelve groups of five mice each were separately treated with the n-hexane (HGE), chloroform (CGE) and ethyl acetate (EGE) extracts as well as the aqueous phase residue (WGE) obtained from the successive extraction experiment. Each extract was administered at doses of 50, 100 and 200 mg/kg/day for 4 days, commencing from the day of inoculation. Five mice each were similarly used for chloroquine at 5 mg base/kg/day as positive control, and 5% Tween 80 as negative control. The blood sample from each mouse was assessed on the fifth day after inoculation and the average percentage suppression was determined and expressed in relation to the negative control result.
In vivo antimalarial evaluation of extracts obtained from the stem-bark of K. grandifoliola using different solvents Ninety mice were inoculated with 1 ϫ 10 7 parasitized erythrocytes of P. berghei berghei (Keyberg 173N strain). Sixteen groups of five mice each were separately treated with extracts arising from each direct solvent extraction namely, [n-hexane (HDE), chloroform (CDE), ethyl acetate (EDE) and methanol (MDE)] at doses of 50, 100, 150 and 200 mg/kg/day, for 4 days, commencing from the day of inoculation. Five mice each were similarly used for chloroquine at 5 mg base/kg/day as the positive control, and for 5% Tween 80 as negative control. The blood sample of each mouse was assessed on the fifth day after inoculation and average percentage suppression was determined and expressed in relation to the negative control result.
In vivo antimalarial evaluation of partitioned fractions of the aqueous Soxhlet extract of K. grandifoliola at 200 mg/kg/day Thirty mice were inoculated with 1 ϫ 10 7 parasitized erythrocytes of P. berghei berghei (Keyberg 173N strain). The various fractions, NH, KGC, KGE including the aqueous phase residue (KGW) were individually dissolved in 5% Tween 80 solution. The mice were arranged into 4 groups of five mice each and were dosed orally at 200 mg/kg/day. Two groups of five mice each were dosed with chloroquine at 5 mg base/kg/day and 5% Tween 80 solution representing the positive and negative controls, respectively. The blood sample of each mouse was assessed on the fifth day after inoculation and the percentage suppression was determined and expressed in relation to the negative control result.
In vivo antimalarial evaluation of the n-hexane purified subfractions (NH-1, NH-2 and NH-3 at 100 mg/kg/day)
Twenty-five mice were inoculated with 1 ϫ 10 7 parasitized erythrocytes of P. berghei berghei (Keyberg 173N strain). The subfractions NH-1, NH-2 and NH-3 of the n-hexane partitioned fraction were dissolved in 5% Tween 80. The mice were arranged into 5 groups of five mice each. Three groups were treated with the solutions of the subfractions. Each group received 100 mg/kg/day dose for 4 days commencing from the day of inoculation. The remaining two groups of five mice each were similarly treated with equivalent of 5 mg/kg/day of chloroquine base as the positive control and 5% Tween 80 solution as the negative control. The blood sample from each mouse was assessed on the fifth day after passaging to determine the percentage suppression in relation to the native control result.
In vitro evaluation of intrinsic antimalarial activities against Plasmodium falciparum Three isolates of P. falciparum UCH 23, UCH 82, and UCH 9273, also a reference clone strain (Clone W2, derived from CDC/Indochina III isolates) resistant to chloroquine, quinine, pyrimethamine and sulphadoxine but sensitive to melfoquine, were used. The n-hexane (NH), chloroform (KGC), ethyl acetate (KGE) partitioned fractions and the aqueous residue (KGW) of the partitioned fraction; the NH-1, NH-2, and NH-3 puri-KHAYA GRANDIFOLIOLA ANTIMALARIAL ACTIVITY fied sub-fractions from the n-hexane partitioned fraction, chloroquine and mefloquine were each diluted to a level where it would be able to reduce the uptake of the radiolabelled 3 H-hypoxanthine in the parasite by 50% (IC 50 ).
These serial dilutions were prepared in microtiter plates using an automatic liquid handling system. The concentrations were calculated by non-regression analysis. Inocula of each parasite at 0.5 to 0.8% parasitaemia and 1.5% haematocrit were added to the serial dilution of the test compounds and incubated for 24 h.
Radiolabelled hypoxanthine was added to the suspension of the parasite plus extracts and fractions. They were all further incubated for another 18-20 h, under the same conditions. The contents of microtiter wells were harvested into filter discs using an automatic cell harvester. The uptake of 3 H-hypoxanthine was measured by scintillation spectrophotometry and used as an indicator of parasite growth and response to the test drugs (Desjardine et al., 1979) .
The IC 50 for each extract or fractions against the parasites were compared to the intrinsic activities of chloroquine and mefloquine.
RESULTS AND DISCUSSION
The results of this investigation are summarized below in Tables 1-7. Water was employed as extraction solvent in order to simulate the ethnomedical method of preparation. The extracts emanating from the decoction and aqueous Soxhlet extraction methods were comparable biologically, with 70 and 74% average chemosuppression of parasitaemia, respectively, at 200 mg/kg/day. Both extracts showed a dose-response relationship in the range of 50-200 mg/kg/day (Table 1 ) while chloroquine at 5 mg base/kg/day gave about 91% chemosuppression.
Partitioning the aqueous Soxhlet extract with various organic solvents suggested the nature of the antimalarial constituents in the extract. When the partitioned fractions were evaluated at 200 mg/kg/day, the n-hexane, chloroform, ethyl acetate and the aqueous phase residues gave 91, 49, 0 and 58% chemosuppression, respectively. Chloroquine diphosphate at 5mg (base)/kg/day gave 91% suppression. The n-hexane fraction appeared to possess the highest antimalarial activity ( Table 2 ) which implied that the antimalarial principle present in K. grandifoliola stem-bark could be lipophilic. The slight increase in the result given by the aqueous phase extract could be attributed to glycosylated forms of the same or other non-polar compounds. The powdered plant material was therefore successively extracted with organic solvents of increasing polarity. Furthermore, various organic solvents were employed for direct extraction. The n-hexane, chloroform, ethyl acetate and water extracts obtained using solvents of increasing polarity gave about 91, 45, 48 and 60% chemosuppression, respectively, at 200 mg/kg/day. The reference chloroquine at 5 mg/(base)/kg/day gave 91% suppression (Table 3) . For the antimalarial evaluation of extracts obtained through direct extraction with different solvents, the n-hexane, chloroform, ethyl acetate and methanol extracts gave 93, 75, 83 and 60% chemosuppression, respectively (Table 4) . These experiments further confirmed that n-hexane was the best solvent for extraction of the antimalarial principle(s) present in the plant. All the extracts produced dose-dependent suppression (Table 4) in the dose range of 50-200 mg/kg/day.
Evaluation of the n-hexane subfractions (NH-1, NH-2, and NH-3) individually at 100 mg/kg/day gave lower activity: i.e., about 57, 47 and 12% chemosuppression, respectively, when compared on individual bases to the 68.5% chemosuppression given by the n-hexane parent fraction (NH) at the same dose (Table 5 ). The three sub- fractions were not re-tested as a recombined entity to substantiate any existence of drug synergism. However, the purification process, could have produced enhanced potency since the concentration of the active principle remains unknown.
In the in vitro antiplasmodial evaluation using multidrug resistant clone W2 of P. falciparum the (NH), (KGW) and the (KGC) partitioned fractions gave IC 50 values of 1.40, 15.2 and 18.6 µg/ml, respectively (Table 6 ). The n-hexane fraction, however, gave an IC 50 value of 0.84 µg/ml against the Nigerian isolate. The ethyl acetate partitioned fraction was inactive against P. falciparum clone W2. Chloroquine and mefloquine, used as reference drugs, gave IC 50 values of 0.043 and 0.002 µg/ml, respectively. The NH partitioned fraction and the KGW showed antiplasmodial activities, while the KGC partitioned fraction gave concentration-dependent inhibition. There was a correlation between the in vitro antiplasmodial result (Table 6 ) and the in vivo antimalarial activity result ( Table 2 ). The n-hexane partitioned fraction produced the highest antiplasmodial activity and the greatest antimalarial activity (IC 50 value of 1.40 µg/ml and 91.2% suppression of parasitaemia). The descending order of activity was identical in both experiments. The in vitro antiplasmodial screening of the subfractions against P. falciparum (Table 7) revealed NH-1 was less active than NH-2. Their IC 50 values were 12.5 and 1.4 µg/ml for the clone W2 strain and 13.5 and 1.58 µg/ml for the Nigerian isolates, respectively. NH-3 subfraction was inactive in both experiments, while NH-2 showed concentration-dependent activity. This result was contrary to the in vivo antimalarial experiment where NH-1 was more active than NH-2.
This report has provided substantial support for the rational use of K. grandifoliola stem-bark in antimalarial recipes by traditional healers in Western Nigeria. The activity of the water extract and the crude n-hexane fraction at 200 mg/kg/day seem comparable to the chloroquine standard drug at 5 mg base/kg/day. 
